order to investigate the relative importance of dry metamorphism and aqueous alteration in the history of chondrules, chondrules were hand-picked from the Semarkona (petrographic type 3.0), Bishunpur (3.1), Chainpur (3.4), Dhajala (3.8) and Allegan (5) chondrites, and matrix samples were extracted from the first three ordinary chondrites. The thermoluminescence (TL) properties of all the samples were measured, and appropriate subsets of the samples were analyzed by electron-microprobe and radiochemical neutron activation and the water and H-isotopic composition determined.
While chondrulc properties appear to be governed primarily by formation processes and subsequent metamorphism, the matrix of Scmarkona has a more complex history involving aqueous alteration as a meteorite-wide process.
INTRODUCTION
The chondrites provide much information on conditions and processes in the early Solar System and even on the interstellar medium (Kerridge and Matthews, 1988) . ttowever, there is uncertainty as to which properties reflect nebular processes (i.e., preaccretionary processes responsible for the "precursors") and which result from processes occurring on the parent body. Preaccretionary processes generally include mixing of different precursors, gas-solid reactions occurring during condensation in the nebula and during chondrule formation.
Parent-body processes usually involve reactions between condensed phases, including liquids.
The many and varied effects of dry metamorphism in ordinary chondritcs have bccn well documented (e.g., McSween et al., 1988) , but aqueous alteration effects have been observed in type 3 ordinary chondrites only recently (Itutchison et at., 1987) . To complicate matters fitrther, most chondrites are breccias, and since it may revolve both devolatilization and recondensation, brecciation may sometimes rcsult in effects normally associated with the nebula. Figure 1 summarizes much of the present discussion concerning the metamorphic and aqueous alteration history of type 3 ordinary chondrites. Conventionally, it has been assumed that the type 3 ordinary chondrites represent a simple single metamorphic series extending from type 3.0 to type 6. However, IIutchison et al. (1987) mentioned the possibility of type 3.0 being produced from higher types by aqueous alteration.
Also, Guimon et al. (1988) found that while fairly severe laboratory heating treatments caused an increase in TL sensitivity and other changes associated with increasing petrographic type, consistent with the conversion of type 3.3 to type 6 by metamorphism, low-temperature hydrothermal treatments cause a decrease in TL sensitivity consistent with the conversion of type 3.3 to type 3.0 by aqueous alteration (Fig. lb, after Sears and Dodd, 1988) . Thus, the possibility exists that type 3 ordinary chondrites show some similarity to carbonaceous chondrites that McSween (1979) described in terms of the cartoon in Fig la. For the present study, we removed chondrules from lbur type 3 and one type 5 chondrite, and matrix samples from three type 3 ordinary chondrites and determined their induced TI, properties.
https://ntrs.nasa.gov/search.jsp?R=19960041499 2020-03-09T09:16:15+00:00Z A summary of our data appears in "Fable 1; more details may be found in Morse (1991) .
Some chondrules were not classified because of the lack of analytical data. About 5% of the chondrules (usually small fragments) were lost in polishing, and some were not mounted for analysis for other reasons (too small, lost in handling, etc.).
Thermoluminescence Measurements
The TL apparatus and procedures and the cathodoluminescence (CL) imaging were described by Sears and Weeks (1983) and Sears et aL (1989 et al., 1984) . Our TL data tbr Dhajala and Allegan chondrules were the subject of previous reports where details of the Dhajala data may be found (Sears et al., 1984; Keck et aL, 1986; Guimon and Sears, 1987) .
Data for the remaining samples appear in Tables 2  and 3 .
Isotopic
Analysis llydrogen-isotope analysis was performed on :26 Semarkoma samples using a modilied 602E SIRA mass spectrometer (Morse, 1991) . The sample preparation and inlet system were maintained at 100°C. Reference gas from a commercial cylinder (bD650%o) was loaded into the variable volume bellows at the beginning of each day. The reference gas also [hcilitated the tt3 _ correction (Fisher and Brown, 1971) .
Samples were placed in a quartz bucket, loaded into the furnace, and pyrolyzed in 45-min steps. The gases released during each step (II20, a little CO 2 and SO 2, and traces of C!t 4 and H2) were collccled in a liquid-nitrogen cryotrap fbr 5 rain. All but the water were pumped away by beating to -110°C , and the water was then released by heating to 100°C. After being collected in a stainless steel U-tube (20 cmx 1/16" OD. x 0.030" I.D.) at liquid nitrogen temperature, the water was reduced to It 2 by passing through a Zn furnace consisting of 10 cm of 4 mm I.D. quartz tube with the central 2 cm packed with IlNO3-cleaned Zn shot. From the Zn furnace, the 1t passed directly into the changeover valve of the mass spectrometer.
An estimate of the amount of water produced was made from the intensit_ of the mass 2 peak, 60 ttg of water giving a source pressure of about 4 x 10-mbar and a major beam current of about 2 x 10 9 _tA for -.30 min.
A Cajon fitting with a septum allowed 60-1tg standard water samples to be injected with a 1-/_L calibrated syringe. The main problems encountered with this technique were a "memory effect" (Le., incomplete removal of the water and H generated during previous measurements), a relatively large blank for the Zn furnace and fractionation of the sample gas 10%#min. The matrix samples are described as "inter-chondrule"(IC) and "rim" (R). Fa refers to olivine phenocryst composition unless in italics in which case the value refers to Fs; Na20 and CaO refer to mesostasis compositions or whole chondrule analyses in the case of cryptocrystalline textures. Typically 4 5 olivine grains and 2 3 mesostasis regions were analyzed for each chondrule. Petrographic data for the Dhajala chondrules discussed here were presented in Sears et al. (1984) .
Most Dhajala chondrules are groups A5, A4 and B3. Very limited data were also obtained for the Allegan meteorite whose chondrules are equilibrated and members of group A5. Lithophile-element abundances decrease with increasing clement mobility, whereas chalcophile-element abundance increases with F;G. 6. A comparison of the abundance and isotopic composition of tt released during stepped pyrolysis of bulk Semarkona samples. P,locks a-c summarize literature data while blocks d and e summarize data obtained in the present study. Data tbr six-step pyrolysis ofa 20-mg sample are shown in Fig. 6d , and the mean of three l-rag samples analyzed in two steps are shown in Fig. 6e . All data indicate the presence of large amounts of a component with terrestrial composition, which is released <400°C, and a D-rich component, which is released >400°C. et al., 1985, 1986, 1988 ).
Composition has a major effect on TL sensitivity by affecting the spectrnm of the light (Batchelor and Sears, 1989) but apparently only has a minor effect on TL-peak temperature and width data.
Plagioclase-normative mesostases produce TI. peaks at et al., 1991 , 1992 Matsunami et al., 1992a,b) .
'lqaennoluminescence glow curves of the sort attributed probably reflects preferential destruction oflow-temperature peaks, a behavior quiteunlikethetrends observed among thetype3 ordinary chondrites where low-levels ofTLsensitivity isassociated withlow-temperature peaks. Primary Properties Therange of TI, sensitivities, peak temperatures andpeak widths shown bytheSemarkona and Bishunpur chondrules give no indication ofcorrelation. Thissuggests thatfeldspar is present in varying amounts andin thehigh-andlow-forms, in varying proportions.
Cooling rates athigh temperatures during chondrule formation were very rapid, 100-1000°C/h (Hewins, 1988), sothat thecooling phase, which resulted in theformation of feldspar, must have occurred atlowtemperatures, perhaps during blanketing indust or regolith in order thatsignificant amounts were in thelowform. Since most other chondrules (mainly theunclassified and group A5 chondrules because data fortheothers arescarce) plot intheupperright half ofthedistribution inFig.3,compared togroup B,these chondrules are more crystallized and contain agreater proportion of high-feldspar. Consistent withthis,group B chondrules contain mesostasis compositions, indicating considerable supercooling (Jones, 1990; DeHart et al., 1992 et al., 1977) . In addition to the trend lithophiles > siderophiles > chalcophiles, the lithophiles decrease while the chalcophile (and sometimes siderophile) elements increase in abundance with increasing mobility. The decrease in abundance with volatility shown by the lithophiles reflects evaporative loss. ttowever, the highly labile elements seem to have recondensed, and the chondrules are now enriched in these elements, perhaps associated with the metal-and sulfide-rich rims.
meteorites of lunaroriginandeucrites (Kaczaral et al., 1986; I,indstrom et al., 1991 ; Paul and I,ipschutz, 1989 et al., 1983 , 1985 , 1991 Lu, 1992; Rubin et al., 1990 
McNaughton
et al. (1981, 1982) found that the highest dD is released at 550--650°C during step-wise heating, which corresponds to the temperature range for release of bound water from smectite (Hutchison et al., 1987 
